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An Approach to Nanoglasses through Anodic Oxidation of
Sputtered Aluminum on Glass Surface

Satom Inoue, Song-Zhu Chu, Kenji Wada
National Institute for MateriaLs Science, Advanced MateriaLs Laboratory,
Namiki 1-1, Tsukuba, Ibaraki, 305-0"A4, Japan

ABSTRACT
The new processes for the preparation of nanoglasses have been developed through anodic oxidation.

The aluminum thin film sputtered on the ITO thin film on the glass surface was decomposed into alumina
by anodic oxidation technique. The alumina layer possessed nanometer size pore array standing on the
glass surface. The sizes of the pore was widened by acid etching from 10-ý2nm to a few hundred nm. The
glass substrate having the alumina nanostructures on the surface could transmit the UV and visible light at
the wavelength range of 200 - 800nm. The TiOŽ sol was impregnated into the pores of alumina layer and
the sample was heated at - 400 VC for 2 hr, converted into TiO2 nanotubes of anatase phase. The acid etch-
ing could remove the alumina skeletons, leaving the TIQ2 nanotube anray on the glass surface. These glasses
were transparent to the light in LW-visible region. The electro deposition technique was applied to the in-
troduction of Ni metal into pores, giving Ni nanorod aray on the glass surface. The glass samples possess-
ing TiO2 nanotube array showed very good catalytic function on the decomposition of acetaldehyde gas
under the iradiation of UV light. The effect of the dimensions of the Ni nanornds on the magnetization was
investigated.

INTRODUCTION
The anodic oxidation of aluminum has been used as the method to convert the aluminum surface into

alumina for the improvement of the chemical durability. The anodic oxidation technique is knowa as the
self organization process to generate the porous alumina where the nanopores are arranged as perpendicular
to the substrate. Recently nanostroctured materials have attracted great interest for their potentiality leading
to the unique functions in the optical properties, electronic properties, magnetic properties and mechanical
properties. In these years, the porous anodic alumina has been studied to fabricate the nanostmctured mate-
rials [1-5]. The anodic oxidation of the thin aluminum film has been studied recently on the sputtered alu-
minum film on the Ta [6] and the Si [71 substrate, resulting in the oxidation of the aluminum layer followed
by the oxidation of the substrate.

The authors have been studying the formation of the nanostructures on glass surfaces and have de-
veloped the new process in which the sputtered alumina film on the conductive layer (tin-doped indium
oxide (ITO)) on the glass substrate was converted into the nanostmcture~s by anodic oxidation [8]. The au-
thors have also been studying the processes to introduce other compounds into nanopores of the anodic
alumina using sol-gel technique and electro deposition. The TiO62 component could be introduced by sol-gel
process [9,10] giving the high efficiency photo catalytic function [11]. The density of the nanopores of the
alumina nanostroctures on the glass surface was estimated to be about 1000 Gbit/inch2 and the introduc-
tion of the magnetic components possessing easy magnetization axis perpendicular to the substrate would
be applicable to the ultra high density magnetic recording media. The introduction of Ni metal could be at-
tained by electro deposition process and the magnetization characteristics of the Ni nanorods were investi-
gated [ 121.

In this paper, the new processes approaching to the nanoglasses which might work as the high effi-
ciency photo catalysts or the ultra high density new magnetic recording media have been reviewed.
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EXPERIMENTAL DETAILS
Specimens

Pure aluminum (99.99%) was I ........ specimen - --- tirring

deposited on a soda-lime-silica glass . .. .IS- 130V +V- . 15-100 min

substrate coated with 1TO and SiO 2  
1 minl

protection thin film by RF sputtering s ualnum Mim

technique. The size of the substrate was
20 x 100 x 1.1 mm. The thickness of [ sl a t, Slo
the TO film and SiO 2 film were 100 - rim

Wiff i130 nm and - 15 nm, respectively. The 1S. .. .. .. .. .. .. . '0 sO. Carbon

sheet resistivity of the ITO film was - water bath with a temperature controller 3 % oxaric acid, electrode

20 ohm. The aluminum layer was 10 0 sulruric acid

deposited at the rate of -1.5 nm/s in 2.5 Figure 1. Setup for the anodic oxidation of aluminum film
cycles (0.8 pm per cycle) under the
pressure of 1.0 x W0-5 Torr to reach - 2 pm in the thickness.

Anodic oxidation [8]
The aluminum thin film was anodized by a regulated dc power supply in a 10 vol.% phosphoric acid

solution or in a 3 % oxalic acid solution or in a 10 % sulfuric acid solution. The specimens were washed by
ultrasonic-cleaning in ethanol for 10 min and were anodized in phosphoric acid at a voltage of 130 V at 280
K, in oxalic acid at 40 V at 293 K and in sulfuric acid at 15 V at 283 K. To avoid repetition, the anodic ox-
ide films prepared in phosphoric, oxalic and sulfuric acid solutions are quoted as phosphoric films, oxalic
films and sulfuric films, respectively. The setup for the anodization was shown in Figure 1. The part of the
films on the substrate was enlarged and the scale of the specimen did not show the real dimensions. The
anodized specimens were etched in a 5 vol% phosphoric acid at 30TC for 2 - 15 min to enlarge the pore
size and remove the anodic alumina barrier layers at the bottoms of the pores (to expose the 1TO layer to the
electrolyte) for the smooth electro deposition of Ni metal.

Sol-gel proces [9,10]
The TiO 2 sol (~5 wt%) was prepared from reagent grade titanium isopropoxide, acetylacctone, etha-

nol and distilled water at a mole ratio of 1:1:20:3. The reaction was carried out at room temperature in the
open air. The mixture was stirred for 2 h and stored in a brown bottle at room temperature. Prior to the
experiments, the so] solution was aged for 1 week - I month. Though the color of the sol changed
gradually from light yellow to dark yellow, nothing precipitated and the solution was very stable.

In the introduction ofTi1O2 sol into the nanopores of the anodic alumina the specimens were first
immersed in ethanol for 10 min and then dipped in the '10 2 sol at room temperature for 20 min. After 20
min dipping, the specimens were lifted up slowly from the solution. The TiO-, sol on the back side of the
specimen was washed away with ethanol. The specimens dipped in the T'iO 2 sol wcre dried in the air at
room temperature for more than 2 h. To obtain porous aluminatitania structure, the specimcns were heated
in the furnace at 100TC for I h and at 400TC for 2 h where the heating rate was 20C/min. To get TiO 2 nano-
tube array, the anodic alumina skeletons were removed with the etching by 5 % phosphoric acid and 2 %
Cr0 3 solution at 75 °C for 5 - 8 min.

398



Electro, depossition process [ 12]

The electrolyte solution for dhe Ni FU11scinJLk Vfl

elecino deposition consisted of 0.38 M NiSO4, - ic film 1 *400
0.13 M MCI,, 0.65 M H3BO4 and 60 ppm W1
CH3(CH2)r1IOSO3Na, and was adjusted to PH
5.2 with a 20 % NaOH solution. The
specimens were immersed in distilled water
for 1 min to push out the air in the pores with -

applying ultrasonic wave prior to the electro
deposition. The Ni electnr deposition was 10 HJPO4.130 V. 280 IC. 64 m in- 1 20-1 SJI 1111. R Y'Ait

perfoarmed at 1.0-l1.5 Vand 30 C for 2 -10 i ~ xlcfl" 4ý

min, with stining. The counter electrode was
a pure nickel plate. To get Ni nanorods, the
alumina skeletons of the specimens were
removed with the etching by 5 % NaOHAl
solution

Characterizations 42m MLftn
The morphology of the samples were Sufui film

observed with a field emission scanning
electron microscope (F-ESEM, S-500,
Hitachi) with an energy-dispersion X-ray
analyzer (EDX-A). The thin coating of os-
miumn was applied on the sample surfaces for 20 Sim -

the discharge during observations. The
UTV-visible transmission spectra were 1% kOI ,28 ,2 :ýj

recorded by a spectrophtometer (U-3500, Figure I. SEM photos of thre ann dic alumina
Hitachi). The crystalline phases were onthe gloss surfaces.
identified with an X-ray diffractometer (XRD,
RINT-2000/PC, Cu Ka, 40 V /40 miA). he transmission electron microscope (TEM, iBM-l010, 100 kV)
was used to observe the structures of Ni nanorods. Magnetization curves were measured by a vibrating
sample magnetameter (IJSM, Lake Shore model 7300). The evaluation of the photo catalysis of the TiQ)
nanotube array was performed by monitoring the volum e of the C02 gas released in the decomposition of
acetaldehyde
[11].The popular iluminum film anoic aluminta 'barrier layer
anid high ITO film
performance
photo catalysis, oe-& a Ln xatran etc id
Degussa P25,
was used as ther, A-
reference sample. <3 IMF I_,:rw

The UV light
source was a Figure 3. Thte phtotios of the spechime ind the ano die alumina
200W Hg-Xe ion the glass substraite.
lamp possessing the peak emission at 365nm.
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RESULTS AND DISCUSSION 100
Nanostructures on the glass surface [8] A.0

The FESEM photos of the anodic
alumina prepared under various so 0

conditions were shown in Figure 2. The
details of the preparation processes were • 60
given in the reference [12]. The pore
sizes of the phosphoric film were 120 - 40 Anodic Alumina Film

180 nm in the diameter after 30 min pore l

widening treatment. The pore diameters 20

of the anodic film were 40- 50 nm in the TiO Nanotubes Array
oxalic film and 5 - 8 nm for the sulfuric _
film. The pores were arranged as per- 300 400 500 600 700 800 900

pendicular to the glass substrate. The Wavelength / nm
photos of the specimens were shown in Figure 4. Transmission spectra of the
Figurenanostructures on the glass surfaces.
transparent after the anodization. The
transmission spectrum of the phosphoric pore widening
film was given in Figure 4 [9]. The anodic
alumina film on the glass gave - 90 %
transmission in the visible region. The
waving of the spectra originated from the

men. L 4
Introduction of TiOz sol into nanopores
[9] inrdcin5fsl f00 nmn

Figure 5 shows the schematic introduction of o00

illustrations, the photos of the specimens
and the SEM photos tin he process for the
synthesis of the Mi0 2 nanotube array on the
glass. After widening of the pores, the sol t 41)01

was introduced into pores. The SEM photo
indicated that the inside wall of the pores - tc .

were coated with the sol. The photo 500 nm
showed that the transparency was kept after dissolutlon of the alumina skeleton
the impregnation. The transmission
spectrum was given in Figure 4 as "A1203/

transmission of 30 - 80 % in the visible

region. The specimen was converted into G

the Tin 2 nanotube array after dissolution of " '*

the alumina skeletons. The dimensions of L a
the nanutubcs were - 200 nm in the outside Figure 5. The synthesis of TIn 2 nanotube array.
diameter and - 140 nm in the inside diame-
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ter. The length of the nanotube s corre-
spondd the thickness of the anodic 1 Pori•TiO-P
alumina film and were -3pjm" The 2

translucency of the specimen was kept
but the transmittance decreased a little as
shown in Figure 4, where the spectrum T
was quoted as TO2ý Nanotube Array".
The transmittance was - 60 % in the #,Y*ýPorouv TiC) 0
visible region and decreased gradually in -
the UV region. The surface area of the
specimen was estimated to increase by- --------
45 times from the calculation based on
the simple geometry. The Ti02 formed in
the process was identified to be anatase
phase by the X-raydiffraction. Degnysa P25

Evaluation of photo catalvtic function 0 . o .oo .50 .oo

[II]
The relative value of the volume of Tinadiation Time t m/in

the released CO2 gas was plotted against
the irradiation time of UV light in Figure FiMgne 6. Evalhation of photo cidatytic function.

6. All the data were normalized to the specimen area of 1cm2. The impregnated anodic film on the glass
gave photo catalytic function better than Degussa P25. 'TPrns iO2 -P",which is the impregnated phospho-
ric film, showed the decomposition rate larger by - 13 times than that of Degussa P25. The catalytic func-
tion of the TiO 2 nanotube army has not yet been finished, but would be better for the increase of the stuface
area The sulfuric film impregnated with TiO2 sol did not seem to have open pores and was not taken in the
catalytic function test.

Introduction of Ni into nanopores [12]
In Figure 7, the cross sectional SEM photos were shown for the cases of the phosphoric film and ox-

alic film. The Ni deposition was performed directly on the ITO film. When the anodic alunina banier layer
remained, the electro
deposition could not be per-
formed. The SEM photos of
the Ni nanorod arrays,
which were obtained after
dissolution ofanodic alu-
mina skeletons, were ITO ,
summarized in Figtrre 8.
The phosphoric film, the 'ITO
oxalic film and the sulfuric
film gave the nanorods of~ phosphoric film oxalic film
150 nm, - 50 nan and - 18 Figure 7. The cross sectional SEM photo at the interface
nmnin the diameter, between the Ni and ITO film. Deposition time: 2min
respectively. The Figure 9
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Cross sectional view top View A. R. = 3 H/1

A.R.=36
10% 11jPO4 :0l0 tim x 21 pro. Aspect Ratio- 14 (22)

3% 113(.20 4: -4050 i1n X 1.8 Jim. Aspect Ratio - 36 (6)- H-"

"•-10o -5 . . . . . 5 . . . .

it'roGli, - Al i H (kOe)

10% lISO4: - 18 nmi 1.2 ptm, Aspect Ratio - 6' (131 Figure 9. Magnetization curves

Figure S. SEM photos nfthe Ni nanurad array. of the Ni nanorod arrays.
shows the magnetization curves for the Ni nanorod embedded in the anodic alumina skeletons. In the fig-
ures, A.R. indicates the average aspect ratio of the Ni nanorods. The top one is for the phosphoric film, the
middle one for the oxalic film and the bottom one for the sulfuric film. The figure indicated that the easy
axis of magnetization changed from in-plane to perpendicular direction with the increase of the aspect ratio
of the nanorod. In other words, The magnetization perpendicular to the substrate became dominant over the
in-plane magnetization. Taking that the density of the pores of the anodic films were about 1000 Gbit / inch2

into account, the anodic films embedded with appropriate magnetic substances could be applied to the ultra
high density magnetic recording media.

CONCLUSIONS
The anodic oxidation of the sputtered alumina on the glass substrate was fruitful process to build up

the nanostructures on the glass surface. The introduction of the compounds into pores could be attained
with the sol-gel processing and electro deposition technique. The embedding of the components into the
nanopores could endow the glasses the photo catalytic functions and would be applicable to the ultra high
density magnetic recording. The photo catlyst prepared in this study showed the decomposition rate of
acetaldehyde larger by an order of one than that of the Degussa P25. The anodic oxidation process, the
sol-gel coating process and the electro deposition process are principally applicable to general curved sub-
strates and large substrates. The new process does not require the special and expensive apparatuses like
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high power lasers, nanometer range precise manipulators etc. Therefore the process is believed to have an
advantage over the other nanomachining processes in the applications and the commercial productions.
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